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The original purpose of this investigation was to determing whether 
N,N 1-disubstitutedmethylenediamines would undergo reactions analogous t o 
those of the corresponding N,N 1-disubstitutedethylenediamines when 
treated with certain reagents. N,N'-dialkylethylenediamines react with 
carbon disulfide and formaldehyde to give heterocyclic compounds that 
are active vulcanization accelerators. 
Although some methylenediamines are stable enough to be isolated 
and kept for considerable periods, most of these compounds are unstable 
and tend to polymerize or decompose to give more stable compounds. The 
methylenediamines investigated did not give the desired reactions. 
It was found in the course of the investigation that the cyclic 
trimers of substituted methyleneimines (Azomethines, Schiff bases), the 
1,3,5-trisubstitutedhexahydro-l,3,5-triazines, react with carbon di-
sulfide to give products of the type desired. A survey of the liter-
ature showed that this type of reaction has been mentioned only briefly. 
Several of these cyclic trimers were prepared and treated with carbon 
disulfide, and the reaction products, as well as the compounds resulting 
from their thermal decomposition, were investigated. 
HISTORICAL 
The reaction of dialkylmonoamines and carbon disulfide ha s been 
widely studied, largely because the products are useful as vulcan-
ization accelerators. The reaction produces the dialkylammonium salts 
of dialkyldithiocarbamic acids: 
R S 
' II -N-C-S 
Rf 
These salts may be oxidized to thiuram disulfides: 
R, ~ ~ ,,R 
N-C-S-S-C-N 
R't 'R 1 
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which may be thermally decomposed, losing an atom of sulfur, to yield 
tetrasubstituted thioureas. 
Donia, Shotton, Bentz, and Smith (2) found that, in general, the 
reactions of N,N'-dialkylethylenediamines with carbon disulfide are 
analogous to the reactions of the dialkylmonoamines. However, the 
2 
ethylenediamines yield cyclic products, owing to the connection between 
the two nitrogen atoms. 
Hofmann (3) first reported the reaction of ethylenediamine with 
carbon disulfide to yield N-~-aminoethyl)dithiocarbamic acid (shown 
here in the dipolar ion form): 
3 
He thermally decomposed this acid and obtained hydrogen sulfide and 
2-imidazolidinethione: 
which may be considered as a cyclic derivative of thiourea. 
Other investigators have extended these reactions to N- substituted-
ethylenediamines. Donia, et al., (2) prepared a series of N-alkyl-N-
(,8-alkylaminoethyl)dithiocarbamic acid inner salts by the reaction of 
N,N'-dialkylethylenediamines with carbon disulfide. They found that 
these salts could be oxidized in alkaline solution with iodine-potassium 
iodide reagent to give 2,5-dialkyltetrahydro-1,2,5-thiadiazine-6-thiones: 
which may be considered to be cyclic dithiocarbamylsulfenamides. These 
compounds can be thermally decomposed, with the loss of sulfur, to the 
same 2-imidazolidinethiones as are obtained by decomposing the dithio-
carbamic acid inner salts. It was found that the stability of the tetra-
hydrothiadiazine ring is related to the size of the alkyl substituents 
attached to the nitrogen atoms. The isopropyl compound is less stable 
than the cyclohexyl compound, and the ethyl compound is quite unstable, 
being obtained only in low yields. 
Donia and co-workers (4) also studied the reactions of N,N'-dialkyl-
diamines with carbon disulfide. These reactions were found to be analogous 
to those of the dialkylmonoamines, except that ring compounds were formed. 
These inves tigators prepared a series of 1,3-imidazolidines by condensation 
4 
of formaldehyde and other aldehydes with N,N'-dialkylethylenediamines. 
Treatment of the 1,3-dialkylimidazolidines with carbon disulfide in 
ether or alcohol results in the formation of J,6-dialkylhexahydro-l,J,6-
thiadiazepine-2-thiones: 
These compounds are relatively unstable, and treatment with dilute ammonia 
water effects removal of the methylene group to form N-alkyl-N-(,6-alkyl-
aminoethyl)dithiocarbamic acid inner salts. They are decomposed also by 
heat or on standing at room temperature, with the splitting out of thio-
formaldehyde and the formation of l,J-dialkyl-2-imidazolidinethiones. 
Delepine (5) treated the cyclic trimer of methylamine and formalde-
hyde, l,3,5-trimethylhexahydro-1,3,5-triazine, with carbon disulfide and 
obtained a compound that he called 11 dimethylfci'rmocarbothialdine", m.p. 
96°c., in the belief that it was an isomer of 11 carbothialdine". 
The compound long known as "carbothialdine" was first prepared through 
the action of carbon disulfide on acetaldehyde-ammonia by Redtenbacher and 
Liebig (6), and was thought to be related to the thialdines. The thialdines, 
which are 1,3,5-dithiazines, result from the action of hydrogen sulfide on 
aldehyde-ammonias. "Carbothialdine" was also prepared by Mulder (7) by 
condensing acetaldehyde with acrunoniwn dithiocarbamate or trithiocarbonate. 
This compound is thermally unstable, and the decomposition point has been 
reported as 120°·,by,·Cohn .(8.) and 1.35? by Ainley and co-workers. (9). It is 
difficult to purify, owing to rapid decomposition in solvents, including 
water and alcohols. It is soluble in dilute acids, though again with de-
composition. Claus (10) found that iodine, nitrous acid, or mercuric 
chloride also cause the compound to decompose, with the formation of 
ammonium thiocyanate, acetaldehyde, ammonia, and carbon disulfide. 
5 
Guareschi (11) found that ferric thiocyanate is formed when 11 car bothial-
dine" is treated with ferric chloride; but that oxidation with ferric 
chloride in dilute acids, or with chlorine water, produces thiuram di-
sulfide, indicating that the dithiocarbamate structure is present within 
the molecule. Mulder (7) and Levi and Gimignani (12) found that on 
treatment with heavy-metal salts, dithiocar bamic acids containing aldehyde 
residues are formed. 
Several structures have been proposed for "carbothialdine" and its 
homologs. Without chemical evidence, Hlasiwetz (13) suggested the 
structure: 
and the name "thiuram carbomethyl" by analogy with the thiuram disulfides. 
Claus (10) supported the structure: 
He believed that the formation of thiocyanates in the decomposition reac-
ti6ns indicated that a thiourea-type structure was present, but this is 
not necessarily true, since aqueous ammonium dithiocarbamate gives ammo-
nium thiocyanate upon standing. 




to account for the ease of formation of metallic dithiocarbamates upon 
treatment of "carbothialdine" with heavy metal saltso This formula was 
accepted by Guareschi (11), Levi and Gimianini (12), and Levi (15)o 
6 
Delepine ( 5) suggested still another structure for 11 carbothi3.l dine" 
t o account for the formation of the dimethyl h,:im0log that he prepared . 





in which R = H and R' = CHJ for "carbot hial dine" itsel f , an d H • CH3 and 
R' • H for the "dimethyl" homolog. This f or mula was accepted by Marks 
(28) and Powers (29). The Mulder formula could not hold for "dimethyl-
formocarbothialdine", since this compound must have a methyl group on 
each nitrogen. The dimethyl compound r eacts with methyl iodide to give 
di (methylthio)-N-methylmethyleneimine: 
.,S-CH3 
CH3-N=C 's CH - 3 
Levi and Gimignani found that "carbothialdine" itself reacts with methyl 
i odide to give di(methylthio)methylenimine hydroiodide: 
+ /S-CHJ 
I- H2N =C, 
S-CHJ 
Di(methylthio)methyleneimine is usually obtained by me thylati on of ammo-
niwn dithiocarbamat e . 
Bodendorf (14) obtained a compound, m.p. 106-l07°C., from formaldehyde 
and methylarrunonium N-methyldithiocarbamate, which he called 11 2,4-dimethyl-
2- methylenecarbothialdine". He assumed that this was t he same compound 
as t hat pr epared by Del epine , and Ainley and co-wor kers (9) proved the 
assumption correct. These investigators do not consider any of the pro-
posed formulas s hown above for "carbothialdine" as being satisfactory, 
since they all f ail in some respect. Neither the f ormula of Hlasiwetz 
nor that of Claus a r e i n accord with the methods of formation and r eactions 
of "carbothialdine" that have been reported. The formula of Mulder, which 
7 
has been accepted by Levi, is not satisfactory for the dimethyl analog 
prepared by Delepine. Furthermore, this formula would require salt-like 
I 
properties, since it contains a pentavalent nitrogen atom. 
I 
Levi(l5) treated piperidinium N,N-cyclopentamethylenedithiocarbamate 
with formaldehyde and obtained a compound, m.p. 61°C., which he called 
piperidylmethyleneanunonium pentamethylenedithiocarbamate, and which would 
have the structure: 
This compound, according to the above structure, is ionic, and would have 
the same salt-like properties as would "carbothialdine 11 if Mulder's formula 
were correct. Delepine's proposed structure also contains a pentavalent 
nitrogen atom, and would require ionic properties for "carbothialdine". 
Actually neither Levi's compound nor "carbothialdine" appears to be ionic 
in nature. Donia and co-workers (4) have shown by conductivity measure-
ments that Levi's compound is not electrovalent, but covalent, and they 
propose the structure: 
Ainley and co-workers suggested that the formula for 11 carbothialdine11 
and its homologs, based on chemical evidence, must be one of two possi-
bilities: 
..,..s ....... 
S=C CHR 1 
,.....s, 
R-CH C=N-R 
(A) I I (B) I I 
R-N N-R 
'c ....... ,, ' 
R-N S ....... / ,..c, 
H R1 H R' 
They suggest that the formation of 11 carbothialdine" from acetaldehyde, 
ammonia, and formaldehyde proceeds through a dihydroxy intermediate, either: 









Either of these intermediates could, on condensation with amm.onia j cyclize 
to give the final heterocyclic compound. I ntermediate (A') would produce 
structure (A), whereas intermediate (B1 ) would produce structure (B). 
These authors attempted to differentiate between the two structures that 
they propose for "carbothialdine" by chemical methods. Attempts were made 
to convert the lactone sulfur of structure (A) into oxygen by treatment 
with mercuric oxide, but in all cases decomposition occurred. Since 
chemical methods failed to distinguish between the possibilities, ultra-
violet absorption spectra were used. 







which they claim would be analogous to their proposed structure (A) for 





which would be analogous to proposed structure (B), with the absorption 
spectra of 11 carbothialdine 11 and 11 dimethylformocarbothialdine 11 • 
It was found that 11 carbothialdine 11 , 11 dimethylformocarbothialdine", 
and methyl dimethyldithiocarbamate (C) gave similar curves, with a marked 
peak in the range 276-289 mp, and a smaller peak at about 245 mp. Di-
(methylthio)-N-methylmethyleneimine (D) gave only a low general end 









120 240 :Z.60 .2.80 300 
"11?)-< 
(E) 11 Carbothialdine 11 
9 
(C) Methyl dimethyldithiocarbamate 
(D) Di(methylthio)- N- methylformimine (F) "Dimethylformocarbothialdine" 
From this information, these investigators conclude that the correct struc-
ture for 11 carbothialdine 11 and its homologs is the proposed structure (A), 
which is: 
11 Carbothialdine 11 would have R = H, and R' = CH3, while "dimethylformocar-
bothialdine" would have R = CH3 and R' = H. These investigators name these 
compounds 2-thio-4,6-dimethyltetrahydro-1,3,5-thiadiazine and 2-thio-3,5-
dimethyltetrahydro-1,3,5-thiadiazine respectively. The compounds listed as 
prepared by these authors are: 
2-thio-3-phenyl-5-methyltetrahydro-1,3,5-thiadiazine -- m.p. 148° 




2-thio-3-(3 1 -chloro-41 -hydroxyphenyl)-5-methyltetrahydro-l,3,5-
thiadiazine -- m.p. 146° 
2-thio-3-(£-dimethylaminophenyl)-5-methyltetrahydro-l,3,5-thiadia-
zine -- m.p. 168-69° 
2-thio-3-phenyl-5-~-diethylaminoethyl)tetrahydro-1,3,5-thiadiazine 
-- m.p. 103-4 
2-thio-3-phenyl-5-(,8-hydroxyethyl)tetrahydro- l,3,5- thiadiazine 
-- m.p. 136° (probably impure) 
10 
Two general methods of preparation are given by Ainley and co-workers 
for synthesis of these 3-aryl-5-alkyl homologs: 
METHOD I. The barium salt of the aryldithiocarbamic acid was 
precipitated by addition of barium chloride to a solution of the 
ammonium salt, followed by double decomposition with the sulfate 
of the aliphatic amine. The barium sulfate was removed, formal-
dehyde added, and the precipitated product recrystallized. 
METHOD II. In the case of the aminophenols, the starting point 
was the sodium aryldithiocarbamate, which was prepared from the 
sodium salt of the aminophenol. 
It was found that, in some cases, the alkylammonium salt of the aryl-
dithiocarbamic acid (pre pared by direct reaction of the arylamine, carbon 
disulfide, and alkylamine) would react with formaldehyde to give the desired 
product in good yield. 
Some of the above 2-thio-3-aryl-5-alkyltetrahydro-1,3,5-thiadiazines, 
along with other homologs, have been tested as insecticides by Davies and 
Sexton (16). Homologs investigated, other than the listed compounds, are: 
3-phenyl-5-propyl; 3-phenyl; 3-phenyl-5-ethyl; 3-phenyl-5-butyl; 3-phenyl-
5-isobutyl; 3-phenyl-5-cyclohexyl; 3-(,E-tolyl)-5-methyl; 5,5 1-ethylene-
bis(J-phenyl); 5,5 1-hexamethyl~nebis(J~phenyl); 3-(£-chlorophenyl)-5-
methyl; 3-methyl-5-ethyl; 5,5'-ethylenebis(J-inethyl); and 3,5-diethyl. 
Gudgeon, Harland, and Sexton (17) and Harland and Sexton (18) have obtained 







as insecticides, where Ar= various aryl groups, including substituted 
aryl groups, and R = alkyl or cycloalkyl groups, including those contain-
ing hydroxyl radicals. 
11 
The reaction products of primary and secondary amines, aldehydes, and 
carbon disulfide have been patented by numerous individuals as vulcani-
zation accelerators, although in most instances, the products have not 
been characterized or identified. Scott has patented as accelerators the 
compounds formed by the reaction of' formaldehyde and the condensation 
product of three moles of acetaldehyde and two moles of aniline (19); the 
carbon disulfide derivatives of the reaction products of secondary amines 
and aldehydes (20); the products obtained from the action of formaldehyde 
on the condensation product of aniline and "a straight-chain aldehyde con-
taining a plurality of carbon atoms" (21); the carbon disulfide derivative 
of the reaction product of diethylamine and paraformaldehyde (22); the 
carbon disulfide derivative of the reaction product of piperidine and 
furfural (23); and the reaction product of carbon disulfide and the product 
formed by treating a secondary amine, such as dibenzylamine, with an alde-
hyde, such as paraformaldehyde (24). 
Moore (25) patented a stabilized emulsion of the carbon disulfide 
derivative of the reaction product of a secondary aliphatic amine, such as 
piperidine, and an aliphatic aldehyde such as formaldehyde, for use as a 
vulcanization accelerator. 
Sibley (26) patented as an accelerator the product obtained by treat-
ing a mono-N-alkylcyclohexylamine, such as N-methyl- or N-ethylcyclohexyl-
amine, with an aldehyde such as formaldehyde, using a molar ratio of 2:1, 
and further treating this product with carbon disulfide. 
Sloan (27) has patented an accelerator which he identifies as carbamyl 




in which R' is a thiocarbamyl group and R11 and R"' are hydrocarbon 
12 
adicals, not more than one of which is aromatic. The method of prepara= 
tion was not indicatedo 
! 
I Marks (28) has patented accelerators made from equ.imolar proportions 
I 
I 
pf aldehydes, amines, and carbon disulfide. These compounds were indicated 
as being dimethylene-1,3-thiaimines of the type: 
(G) 
~e also claimed accelerators prepared from two moles of aldehyde, two 
I 
~oles of amine, and one mole of carbon disulfide, which he called 
"carbothialdines". The structure for these compounds is given as: 
R 
H R1 CH-N-R' 
R-C=N/ I 
'-S-C=S 
This is the structure proposed by De le pine for '' carbothialdine11 • Accel-
~rators of this type were also claimed to have been made via the ammo~ 
hiwn dithiocarbamate and via the anhydro-aldehyde-aroine. Aldehydes that 
~re indicated are formaldehyde, acetaldehyde, propionaldehyde, butyralde-
1 
hyde, and benzaldehyde; and the amines mentioned are methyl, ethyl, hydroxy-
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, aniline, and o- and p-
; - - - -
I 
I 
toluidine. It is also indicated that molar ratios of aldehyde, a.mine, and 
~arbon disulfide may be 1:1:1, 2:1:1, 2:2:1, or 4:2:l for preparing 
accelerators. 
Powers (29) obtained a patent, assigned to the same .. company as was 
Marks', making many of the same claims as did Marks. However, Powers 
I 
p.amed the four-membered heterocyclic com.pounds (E) as 11 N-alkyl-(or aryl-) 
I 
oc-mercapto-alkyl-dithio-carbamolactones11 , considering them as being the 
lactones of N-alkyl-(or aryl-)oc:-mercapto-alkyl-dithiocarbamic acids. He· 
I 13 
I 
jclaims the same reagents as did Markso He lists six different ncarbo-
1thialdines11 and six 11 dithiocarbamolactones11 , although he does not give the 
physical properties or analytical data for these compounds, nor does he 
' 
µascribe how he arrived at the st~uctures that are indicated. Powers also 
patented the product obtained by treating the dithiocarbamate from carbon 
disulfide and an aromatic amine with an aldehyde (30)o In addition, he 
patented the dark, high-boiling, viscous liquids or resinous solids he 
9btained by causing to react, in the absence of substantial quantities of 
added acid, aldehydes, amines, and carbon disulfide, and removing water 
by vacuum distillation (3l)o The structure of these compounds was not 
indicatedo 
Twiss and Jones (32) patented the accelerator made when an aldehyde, 
other than formaldehyde, and a secondary amine are blended into the rubber 
mixture to be vulcanized, and carbon disulfide is addedo The structure 
~f the products was hot giveno 
I 
Lichty (33) patented accelerators made from formaldehyde and dithio-
carbamic acidso A preference was expressed for dithiocarbamates derived 
from secondary amines containing at least one aliphatic (including cyclo-
aliphatic) and one substituted or unsubstituted radical, such as benzyl, 
j-phenethyl, tetrahydrofurfuryl, or furfurylo An equimolar or excess 
amount of formaldehyde was usedo 
I. 
DISCUSSION 
PREPtRATION OF DISUBSTITUTED METHYLENEDIAMINES AND REACTIONS WITH CARBON 
DISULFIDE AND FORMALDEHYDE 
It was hoped that when methylenedianiline was treated with carbon 
disulfide, the following reaction would occur: 
14 
This reaction would be analogous to that reported for dialkylethylene-
diamines by Donia, Shotton, Bentz, and Smith (2)o The product, N-phenyl~ j ' . . . . 
N-(phenylaminomethyl)dithiocarbamic acid, when treated with formaldehyde, 
should give the cyclic compound: 
if it reacts as do the disubstituted ethylenediamines. 
Methylenedianiline was prepared by the reaction of aniline with formal-
pehyde in a basic aqueous solution, after the method of.Eberhard and Waltner 
(34). Treatment of this compound with carbon disulfide in cold acetone or 
~lcohol gave no precipitate; a precipitate would be expected if the inner 
~alt had formed. When the solution was heated and then cooled, a compound 
precipitated in the form of white, shiny plates, and melted at 150.8-
!51.80 after recrystallization. This substance, when heated with formalin, 
I 
I 
dissolved, and another compound, also in the form of white shiny plates, 
I 
~ppeared upon cooling of the solution. This material melted at 125.5-126.~0, 
"jHith the evolution of' a gas, which was found to be formaldehyde. It was not 
I 
possible to recrystallize this compound, due to the ease with which it 
15 
~ecomposed. The·-carbon disulfide reaction product proved to be thio-
1 
carbanilide, which was formed as a result of decomposition during heating. 
' 
~rignard (35) states that reactions between amines and carbon disulfide, 
wh,ich would be expected to give dithiocarbamic acids, often give thiourea 
derivatives. The forrnaldehyde-thiocarbanilide reaction product was not 
characterized, since it was not a compound of the type sought. However, 
on the basis of carbon-hydrogen analyses and its ease of liberation of 
formaldehyde, it was thought to be the monometbylol derivative of thio-
carbanilide: 
HOCH2 ... S ,,.H 
N-B-N 
/ ' C6H5 C6H5 
The treatment of methylenedianiline with carbon disulfide and then 
with formaldehyde, without heating, was investigated. In the presence or 
absence of solvents at ice bath temperatur~s a white solid mixture pre-
cipitated. Part of this precipitate was soluble in acetone and part insolu-
ble. The bulk of the soluble material was the cyclic trimer of N-phenyl-
methyleneimine, l,3,5-triphenylhexahydro-1,3,5-triazine, (C6H5N=CH~)3, 
although a small amount of a compound melting at 169 ... 170° was recovered 
after several recrystallizations. This higher-melting material was later 
determined to be the desired heterocyclio compound; however, the yield by 
this method o! preparation was very low, The insoluble Jrul.terial was a 
higher polymeric form of N-phenylmethyleneimine. Both the trimer and the 
higher polymer have been studied by Miller and Wagner (36). 
It was thought that the ammonium salt of N-phenyl-N-(phenylamino-
methyl)dithiocarbamio acid might react with formaldehyde to give the desired 
proquct, The preparation of this salt was· attempted by the action ot ammo-
nium hydroxide and carbon disulfide on methylenedianilipe in solution, but 








If the solution was allowed to stand or if it was heated, 
hydrogen sulfide was eliminated and thiocarbanilide formedo 
! 
Both primary and secondary aliphatic amines react with carbon disul= 
fide in alcoholic solutions to give alkyl- or dialkyldithiocarbamic acids 2 
I 
' 
which combine with more of the amine to form saltso With aromatic amines 
a similar reaction does not occur unless aqueous ammonia or a metallic 
bydroxide is addedo Under these conditions a salt of an aryldithiocarbamic 
acid is formed; otherwise, in the absence of these reagents there is no 
reaction in the cold, but when the solution is heated, hydrogen sulfide is 
~liminated, and a symmetrical disubstituted thiourea is formed. Fry and 
I 
Culp (37) reported that in the case of secondary amines, hydrogen sulfide 
may not be eliminated, and thiuram disulfide derivatives will be formedo 
Sidgwick (38) states that the difference in the ease of formation of the 
dithiocarbamic acids is probably due to the weaker basic nature of the 
aromatic amines in comparison with the aliphatic amineso Methylenedi-
aniline did not form an internal dithiocarbamic salt, probably due to the 
' 
influence of the phenyl groups on the nitrogen atoms. It seemed desirable 
to try diamines that were less aromatic in natureo 
Ethylidenedianiline, l,l-(N,N 1-diphenyl)diaminoethane, was prepared by 
treating aniline with acetaldehyde in an aqueous solution according to 
Eibner (39), and was treated with carbon disulfide and formaldehyde in cold 
solution in the same manner as was the methylene homolog. As with the 
methylene compound, the products of the reaction were the cyclic trimer 
~nd higher polymer of N-phenylmethyleneimine. None of the desired sulfur-
6ontaining substance was obtained. When ethylidenedianiline was heated with 
carbon disulfide in solution decomposition occurred, and thiocarbanilide was 
I 
I 
6btained as before. 
17 
Propylidenedianiline was prepared by the action of propionaldehyde on 
i 
~niline according to the method of Eibner (40)o 
i 
Attempts to obtain the 
~ithiocarbamic acid of this compound by reaction with carbon disulfide were 
hot successful. The attempted preparation of the ammonium salt of this 
I 
acid resulted in decomposition of the starting material, and only ammonium 
' ' 
N~phenyldithiocarbamate 'was recoverede The direct action of formaldehyde 
and carbon disulfide on propylidenedianiline again did not yield the de-
sired type product. 
Ethylidenedi-E-toluidide was prepared by treating an aqueous sus-
pension of E-toluidine with acetaldehyde. Treatment with carbon disul-
fide gave no dithiocarbam.ic salt, and treatment with carbon disulfide and 
i 
formaldehyde did not produce the desired type of heterocyclic compound. 
The reactions that were attempted, using diaryllnethylenediamines are& 
CS ¥/CHR, HCHO /CHR, 2 .,... Ar-N im2-Ar __ ,,.._, _ _ Ar-N N.-Ar 
· )-s- + I I 
~ S=C CH2 's/ 

















In the cases of diamines in which R = alkyl, treatment with carbon di-
I 
sulfide and Zorrnaldehyde apparently caused them to decompose, since no 
iexahydrotriazines were recovered containing an alkyl group on a carbon 
~tom. It appeared that aryl-substituted methylenediamines would not give 
$atisfactory yields of the desired 3,5-disubstituted tetrahydro-1,3,5-
1 
thiodiazine-2-thiones when treated with carbon disulfide and for.maldehydeo 
rr •. PREPARATION OF l,3,5-T.RIAIKYLHEXAHYDR0-1,3,5-TRIAZINES AND REACTION WITH 
CARBON DISULFI.DE 
Although N,N'-dicyclohexylmethylenedirunine had not been reported in 
the literature, an attempt was made to prepare this compound by the reaction 
of cyclohexylamine and methylene dichloride, in a manner similar to that 
used to prepare N,N'-dialkylethylenediamines by Donia and co-workers (2)o 
A solid compound in the form of white needles was recovered, and after 
purification, melted at 72.2-72.8°. A small amount of a crystalline 
1naterial melting at 96-98° was also isolated, but not identified. In 
addition, a high-boiling, very viscous, amber-colored substance was ob-
t,ained, which would not crystallize from alcohol or acetone solutions. The 
crystalline material melting at 72.2-72.8° was found to be 1,3,5-tricyclo-
hexylhexahydro-1,3,5-triazine, rather than the N,N'-dicyclohexylmethylene-
diamine that was desired. The high-boiling, a~ber-colored substance was not 
characterized, but it was believed to be a polymeric material. The cyclic 
trimers of the methyleneimines can be prepared in many cases by the reaction 
of amines and formaldehyde, and since recovery of the product is simpler and 
less time consuming, this method was used for subsequent preparations of 
! 
this compound and other homologso Aldehydes of molecular weight above that 
of formaldehyde tend to give products other than the cyclic trimers when 
treated with primary amineso The reactions of aldehydes and amines have 
been reviewed by Sprung (41). 
19 
j 
The l,3,5-tricyclohexylhexahydro-1,3,5-triazine was treated at room 




tn acetone or alcohol, however, the reagents did react, and a white, cry-
ftalline compound was obtained which melted after recrystallization at 
145.8-146.2°. This compound was believed to be of the type desired, and to 
have the following structure: 
Evidence in support of this structure is given later. This compound may 
be named 3,5-dicyclohexyltetrahydro-1,3,5-thiadiazine-2-thione. A review 
r . 
9f the literature revealed only one instance in which the reaction of 
carbon disulfide and a methyleneimine trimer had been described, that of 
the N-methyl compound, which was reported by Delepine (5). The reaction 
has been briefly mentioned elsewhere by Davies and Sexton (16), Marks (28), 
and Powers (29). 
An attempt was made to prepare l,3,5-tricyclohexyl-2,4,6-trimethyl-
hexahydro-1,3,5-triazine by the action of acetaldehyde on cyclohexyla.rnirle. 
None of this material was obtained, however. The preparation of 1,3,5-
tricyclohexyl-2,4,6-triethylhexahydrotriazine by the action of propional-
dehyde on cyclohexylamine was attempted, but again none of the desired 
product was recovered. 
l,3,5-Triisopropylhexahydro-1,3,5-triazine was prepared by the action 
pf formaldehyde on isopropylamine in aqueous solutiono This compound was 
I • refluxed with carbon disulfide in acetone and a white crystalline compound 
was obtained. After recrystallization, this material melted at 124.S-
o 125.4 e This compound was found to be the desired product, 3,5-diiso-
propyltetrahydro-1,3,5-thiadiazine-2-thione: 
20 
l,3,5-1ributyl,hexahydro-l,3,5-triazine was prepared by the action of 
formaldehyde on n-butyla.mine in aqueous solutiono This compound was re-
1 -
fluxed with carbon disulfide in acetone solution, but no solid could be 
recovered. An attempt was made to purify the oily liquid from the reaction 
by distill.ation at reduced pressure, but decomposition occurred and none of 
the desired product could be recovered. This product was not characterized 
since it could not be purified. However, thioformaldehyde was split out 
~uring the distillation attempt, which indicated that the desired cyclic 
Jompound might have been present, since this type of thermal decomposition 
was observed for the cyclohexyl and isopropyl compounds. 
l,3,5-Triethylhexahydro-1,3,5-triazine was prepared by the action of 
.formaldehyde on an aqueous solution of ethylamine. Refluxing this compound 
with carbon disulfide in acetone produced a white crystalline solid, melting 
at 73.4-74.9° after recrystallization. This solid was 3,5-diethyltetra-
hydro-1,3,5-thiadiazine-2-thione: 
Ethanolamine was treated with formaldehyde in aqueous solution. The 
reaction product, b.p. 109-111° (6mm.), was refluxed with carbon disulfide 
!n acetone solutiono None of the desired product was recovered, and only 
I 
& foul-smelling, dark-colored., water-soluble liquid was obtained. 
,a-Hexyla.mine was treated in aqueous solution with formalin, and the 
resulting product was refluxed for several hours in alcoholi~ solution with 
i 




jt was not possible to purify the product due to decomposition of the oil 
,hen distilled, even und~r reduced pressure, and thioformaldehyde was.formed 
,sin the case of the butyl analog. Attempts to obtain crystals from the 
111 were unsuccessful. 
I 
I 
tI. PREPARATION OF l,.3,5-TRI(ARALKYL)HEXAHYDR0-1,3,5-TRIAZINES AND REACTION WITH 
CARBQN DISULFIDE. 
An aqueous solution of benzylamine was treated with formaldehyde and 
t.he oil that fo.rmed was refluxed with carbon disulfide in acetoneo None 
of the de~ired product was obtained, but only a brown, foul-smelling oil. 
This substance was not identified due to its extremely disagreeable odoro 
- .. ·- -
I 
I 4n some cases, the type of compound sought may be made by treating the 
am~e salt of the substituted dithiocarbamic acid with twq moles of 
for.nw.ldehyde: this procedure was used to prepare the benzyl homolog. 
~enzyla.lilllloniwn N-benzyldithioearbamate was treated with formaldehyde and 
' . 
3,5-dibenzyltetrahydro-l,.3,5-thiadiazine-2-thione was obtained. The 
I 
meltiµg point of this compound is 101.8-102.6° and its structure is: 
..,CH2 
c6H5cH2-i 'j-CH2c6a5 
S=C, .,,,,ca2 s 
An aqueous suspension Qf ,1-phenylethylamine was tre~ted with formal-
dehyde to produce 1,.3,5-tri(,6-phenylethyl)hexahydro-l,.3~5-triaz~neo This 
compound was refluxed with carhop disulfide in acetone solution and a white 
crystalline compound was obtained. This material, after purification, 
t31ted at 107,8-108.6° and w~s found to be .3,5~Qi(,l-phenylethyl)tetrahydro-
, 
1,.3,5-thiadiazine-2-thione. This compound was also prepared by the alter-









I l,3,5-'friphenylhexahydro-1,3,5-triazine was prepared from aniline and 
4ormaldehyde, and separated from the insoluble polymeric side product formed 
trom the aniline and formaldehydeo Attempts were made to cause this cyclic 
I 
trimer to react with carbon disulfide, but no product was obtainedo The 
addition of acid to the reaction mixture was tried in an attempt to bring 
about reaction, since these cyclic trimers are not stable in acidic media, 
but the desired results were not obtained. The reaction was attempted in a 
sealed tube at ~levated temperattll'es, but without successo An alternate 
jethod of preparation was then used. Aniline was treated with carbon di-
sulfide in cold acetone solution, and then formaldehyde was added. The 
product, after separation from side-reaction products, is a white solid m.p. 
' 0 ~72.a-173.6. This compound is J,5-diphenyltetrahydro-1,3,5-thiadiazine-
2-th,ione; 
l,3,5-Tri(.12-tolyl)hexahydro-1,3,5-triazine was prepared from ,I?-
~oluidine and formaldehyde, and refluxed with carbon disulfide in acetone 
but no reaction occurred. Attempts to carry out this reaction in a sealed 
tub,e at elevated temperatures resulted only in decomposition, and the pro-
duct obtained was N,N 1-di(tolyl)thiourea. The alternate method of prepara-
~ion, consisting of the treatment of ,e-toluidine with carbon disulfide and 
i 
~hen with formaldehyde in cold acetone solution, was used to prepare the 
I 
desired compol,llld, 3,5-di(.2-tolyl)tetrahydro-1,3,5-thiadiazine-2-thione. 
This compound is a white crystalline solid, melting at 101.8-102.6°. 




to prepare 1,3,5-tri(.E-phenetyl)hexahydro-l,3, 5-triazine. This compound 
;was refluxed for three hours with carbon disulfide in acetone solution. A 
jwhite crystalline solid was recovel;'ed from this reaction; the solid melts 
' 0 ft 156.2-157.0 and was found to be 3,5-tri(.e-phenetyl)tetrahydro-1,3,5-
:thiadiazine-2-thione. 
I 
Thus, the cyclic trimer of N-(~-ethoxyphenyl)-
tnethyleneimine (C2H5oc6a4N=CH2) reacted with carbon disulfide, while the 
'corresponding phenyl and 12-tolyl compounds did not react. This thione was 
also prepared by the alternate method. 
The preparation of 1,3,5-trisubstituted he.xahydro-1,3,5-triazines and 




The final product is a 3,5-disubstituted tetrahydro-l,3,5~thiadiazine-2-
thione. 
The rea~tion with qarbon disulfide does not proceed in all cases, 
although it appears to go with greater ease with alkyl and aralkyl com-
pounds than with aryi compounds. A reflux period of about fifteen minutes 
is sufficient for the alkyl and aralkyl compounds, and a longer period may 
cause decomposition, 
The 3,.5,-disubstituted tetrahydro-1,3,5-thiadiazine-2-thiones of high-
molecular weight are more stable than those of low molecular weight. The 
ythyl compound becomes discolored and develops a somewhat disagreeable odor 
I . 
ffter a few days; the isopropyl compound discolors at a slower rate while 
the higher homologs, such as cyclohexyl, are stable .for extended periods. 
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V. PR001 OF STRUCTURE OF 3,5-DISUBSTITUTED TETRAHYDR0-1,3;5-THIADIAZINE-2-THIONES 
I k 
· Donia and co-workers (4) found that treatment of e\,ylenediamines with 
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By analogy with the reaction of the above diamine-formaldehyde product 
with carbon disulfide, it would be expected that the treatment of 1,3,5-. 








The treatment of the trisubstituted hexahydrotriazines with carbon disul-
fide gave evidence of reaction when R ... alkyl or aralkyl; but did not go 
when R = phenyl or Q-tolyl. The reaction proceeded when R = £-phenetyl, 
but required a long reflux period. Donia and co-workers noted that 1,3-
diphenylimidazolidine gave no reaction with carbon disulfide. It thus 
appears that the aryl compounds are less reactive toward carbon disulfide 
than the alkyl in both of the above cases. 
A survey of the literature revealed that Ainley and co-workers (9) 
also proposed this type structure (I) for some aryl-alkyl compounds which 
I 
I 
they prepared from alkylammonium N-aryldithiocarbamates and formaldehyde. 
They believe this structure to be in accordance with the methods of prep-
a.ration that may be used and with observed reactions, whereas the other 
I 
I 
formulas that have been advanced are inadequate. In addition, they believe 
25 
that ultraviolet spectra of these substances offers further evidence for 
istructure (I). The spectra of their compounds were compared with that of 
i 
:methyl diniethyldithiocarbamate (II) and di(methylthio)-N-methylmethylene-
iimine (I:U). 
/SCH 
CH -N=C 3 3 'scH 
3 
(III) 
These investigators found that methyl dimethyldithiocarbamate has a 
spectrum very similar to those of their compounds, indicating structure 
(I). Marked absorption peaks were noted in the range 276 ill)<- to 289 mF 
and subsidiary peaks around 245 ffi)l• These compounds were named as 2-thio-
3-aryl-5-alkyltetrahydro-l, 3, 5-thiadiazines, but may be more properly called 
i3-aryl-5..,,alkyltetrahydro-l, 3, 5-thiadiazine-2-thiones. 
The products from the reaction of 1,3,5-trisuqstituted hexahydro-1,3,5-
triazines and carbon disulfide gave absorption curves with marked peaks in 
the range 290-295 m)'- and secondary peaks in the range 245-249 mf· Further-
more, these curves (plate 1) have the same general form as those given by 
Ainley for his compounds, which indicates that these compounds all possess 
the same type structure. 
It was felt that piperidylmethyl N,N-cyclopentamethylenedithiocarbamate 
(IV) would provide a more satisfactory basis for comparison with the com-
pounds thought to posses~ stru~ture (l) than does methyl dimethyldithio-
carbamate. This standard (IV) contains a chain structure of nitrogen, 
sulfur, and carbon atoms more nearly like the proposed structure than does 
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The absorption curves for piperidylmethyl N,N-cyclopentamethylene-
1dithi.otarbamate (IV) and the 3,5-dialkyltetrahydro-1,3,5-thiadiazine-2-
thioni~ that were prepared are shown on plate 1. The three compounds with the 
lthe proposed structure (I) have similar curves, with maximum absorption 
I 
peaks in the range of 291-293 mp, and smaller peaks in the range of 245-
249 ID)-Lo The linear standard (IV) has a curve of the same general form, 
except that the two absorption peaks are more nearly the same height, and 
are closer together. 
The absorption curve given by Ainley (9) for methyl dimethyldithio-
carbamate (II) shows a maximum absorption at about 275 IDf-, which is not 
as near the maxima of the experimental compounds as is that of the standard 
(IV). However the subsidiary peak of the methyl dirnethyldithiocarbamate 
appears at 245 IDfl, which is closer tQ those of the experimental compounds 
than to that of compound (IV). 
The absorption curves of the 3,5-diaryltetrahydro-1,3,5...:thiadiazine-
2-thiones .(plate 2) a.re reversed from those of the alkyl hornologs, with 
the maximum absorption near 245 ny,<, and the subsidiary peak in the region 
of 290-296 nyi.. This is probably cj.ue to the presence of the benzene ring, 
which is a cb,romophore, and capable of altering the absorption of chroma-
phores already present, as well as absorbing in the ultraviolet region 
itsel.f. 
The 3,5-diaralkyltetrahydro-1,3,5-thiadiazine-2..,.thiones give curves 
(plate 3) which appear tobe somewhat intermediate between those of the 
alkyl and aryl homologs, The p .... phenylethyl compm.;md has an absorption 
curve nearly identical with those of the alkyl homologs, while the benzyl 
compound gives a curve approaching those of the aryl homologs. This is as 
would be expected, since the benzene ring is nearer the thiadiazine ring 
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I fore aromatic in nature. Brode (48) states that a -CH2= linkage between 
two chromophores acts as an insulator.11 and that a =CflrCH2- linkage is even 
more effective. 
These 3,5-disubstituted tetrahydro-1,3,5-thiadiazine-2-thiones formed 
precipitates when treated with heavy metal salts such as mercuric chloride 
'or silver nitrate, and also with ferric chloride. These products were not 
:studied, but this type reaction is characteristic of compounds of this type. 
Treatment of the lower homologs of the 3,5-disubstituted tetrahydro-
1,3,5-thiadiazine-2-thiones with ammonium hydroxide caused decomposition in 
a manner similar to that observed by Donia and co-workers for the ethylene 
analogs of these compounds, the 3,6-dialkylhexahydro-l,.3,6-thiadiazepine-2-
1 
thiones, and also for the linear analogs, the dialkylaminomethyl dialkyl-
dithiocarbamates. The products formed are formaldehyde and dithiocarbamate 
salts. 
Hofmann (47) desulfurized thiocarbanilide to produce carbanilide with 
mercuric oxide in hot alcoholic solution: a similar reaction was attempted 
for these compounds. Treatment of .3,5-dicyclohexyltetrahydro-1,3,5-thia-
diazine-2-thione with mercuric oxide under varied conditions did not produce 
a detectable amount of material containing a carbon-oxygen double bond. 
Kitamura (42) reported that alkaline hydrogen peroxide was very effec-
tive for oxidizing an aliphatic carbon-sulfur double bond to a carbon-





He found that this reagent was effective in cases where mercuric oxide, 




~ere made to oxidize 3,5-dicyclohexyltetrahydro-1,3,5-thiadiazine-2-thione 
using alkaline hydrogen peroxide, but in every instance the starting mate-
i 
rial was recovered unchanged. This compound has no hydrogen atom attached 
I 
Ito a nitrogen atom, however, 
1roposed by Kitamura (43), a 
and in the mechanism for this type of oxidation 
hydrogen atom must be present. 
I 
DECOMPOSITION OF 3,5-DISUBSTITUTED TETRAHYDRO-l,3,5-THIADIAZINE-2-THIONES 
I . . . 
I Donia and co-workers (4) reported that 3,6-dialkylhexahydro-1,3,6-
:thiadiazepine-2-thiones may be thermally decomposed to give 1,3-dialkyl-2-
imiqazolidinethiones: 
heat 
rhe thermal decomposition of dialkylaminomethyldialkyldithiocarbamates 
t-esults in the .formation of tetraalkylthioureas: 
R S R 
' II -' N-C-CH2-N B: 'R 
In both cases the resulting products may be considered as tetrasubstituted 
.thiourea derivatives. 
By analogy with the above reactions, it would be expected that the 
1 
:thermal decomposition of 3, 5-disubsti tuted tetrahydro-1,3, 5-thiadiazine-2-
thiones would result in the formation of a compound containing a thiourea 
residue. The following reaction might be expected on strong heating of 
I 
these compounds: 
CH2 / ' R-N N-R 'c...,.. 
II s 
3,5-Diisopropyltetrahydro-1,3,5-thiadiazine-2-thione was thermally 
29 
! 
~ecomposed by the gentle boiling of a molten sampleo Thioformaldehyde was 
obtained (1.8 moles per mole of starting material), in addition to an 
acetone-soluble portion. A white crystalline solid, m.po 9904=100.2°, was 
recovered from the acetone solution. 
i 
3,5-Dicyclohexyltetrahydro-1,3,5-thiadiazine-2-thione was similarly 
decomposed, and thioformaldehyde was again obtained in addition to an 
acetone-soluble portion. A white crystalline compound melting at 158.2-
i6o0 was isolated from the acetone-soluble mixture. 
When pyrolysis of the ethyl analog of the above compounds was attempted 
thioformaldehyde was obtained, indicating that the desired reaction may have 
9ccurred, but attempts to isolate a solid material similar to the above de-
composition products were not successful. 
3,5-Dibenzyltetrahydro-1,3,5-thiadiazine-2-thione was boiled gently 
for three minutes, but no thioformaldehyde was evident. A soluble material 
was obtained, which melted at 157-157.8°, in addition to unchanged starting 
compound. 
The ,8-phenylethyl homolog of these compounds was pyrolyzed, but no 
thioformaldehyde formed, and no solid could be recovered from the oil that 
remained. 
Heating of the phenyl homolog caused the formation of thioformaldehyde~ 
in addition to l,3,5-triphenylhexahydro-1,3,5-triazine. No soluble sulfur-
containing solid could be recovered from the oily decomposition mixture. 
Pyrolysis of 3, 5-di (12-tolyl)tetrahydro-l, 3, 5-thiadiazine-2-thione-
produced a very low yield of an acetone-soluble solid, melting at 150.5-
, 0 
152, but no thioformaldehyde was noted. 
The thermal decomposition of the E-phenetyl homolog produced thio-
formaldehyde, in addition to an acetone-soluble crystalline material melt-
ing at 173-174.2°. 
II. 
. I . 






Analytical data !or the crystalline solids that were obtained from the 
I . 
~berm.al decomposition of the cyclohexyl, isopropyl, E~tolyl, £-phenetyl, 
Jnd benzyl ho.rnologs of th~ 3, 5-di~ubstituted tetrahydro.-1, 3, 5-thiadia:dne-
i 
4-thiones did not ~orrespoQd to the calculated values for the four-membered 
! . ) 
ring compounds that might be expected. On the basis of analytical data and 
niolecular-weight determinations of the compounds obta;i.ned, and the fact 
that a thiourea-type linkage would be expected as a result of splitting out 
of thioformaldehyde, the reaction that occurred appeared to be: 












?he proposed thermal products (V) would be named as 1,3,5 .... trisubstituted 
liexahydro-1,J,5 ... thiadiazine ... 2-thiones. 
I:n order to obtain evidence in support of the proposed structures, 
ultraviolet absorption spectra were utilized. The spectra of the alkyl 
~omologs (the cyclohe.xyl and isopropyl compounds) were compared with that 
of N,N'~dicyclohexylthiourea and of 1,3,5-tricyclohe.xylhexahydro-l,3,5-
' 
~riazine. The cu:rves for these compounds a;re shown on plate 4. The 
~,3,5-trieyclohexylhexahydro.:.1,3,5-triazine absorption curve drops rapidly 
.t?'om 220 n:y.t.to 240 mf<, and then siowly approaches zero. The absorption 
c!,-.1,rve of N,N'-dicyclohexylthiourea drops from 220 m;t to 235 mf', then rises 
t;o a maximum at 256 Inf<, and then drops rapidly to 280 ~ The two experi-
mental compounds have sim:j.lar curves with maxima near 259 m;i and smaller 
i 
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pexylthiourea. On the basis of these absorption data it appears that the 
alkyl compounds under consideration contain a thiourea type linkage 
~ 
( :N-C-N.::) and a triazine ring as predicted. Clow and Helm.rich (49) 
found that N,N-dialkylthioureas gave curves only slightly different from 
those of N,N,N' ,N'-tetraalkylthioureas, and furthermore, the curves that 
these investigators give for tetramethyl- and tetraethyl- thiourea corre-
spend closely to those obtained for the experimental compounds. 
The absorption curves of the aryl pyrolysis products (plate 5) show 
considerable variation from those of the alkyl thermal products, while the 
benzyl homolog gives a curve that appears to be intermediate between these 
two types. The E-tolyl and 12-phenetyl pyrolysis products give curves that 
differ somewhat from each other, probably due to the difference in the 
weighing effects of the methyl and ethoxy groups on the benzene ring. These 
curves vary considerably from that of N,N 1-di-£-phenetylthiourea, indicating 
that the triarylhexahydrotriazine structure must exert more influence on the 
ultraviolet absorption of the molecule than does the trialkylhexahydro-
triazine structure in the case of the alkyl analogs. Indeed, the absorption 
,' 
curve of l,3,5-tri(£-phenetyl)hexahydro-l,3,5-triazine (plate 5) shows that 
this compound absorbs more strongly in the ultraviolet region studied than 
does the alkyl homolog, l,3,5-tricyclohexylhexahydro-1,3,5-triazine (plate 
4)o 
Brode (48) states that if the chromophores in a molecule are widely 
separated, each may exhibit its characteristic absorption spectrum, but that 
the close proximity or conjugation of chromophores results in changes in 
absorption that are not easily predicted. Although it would be difficult 
to predict the form of the absorption curve resulting from a combination of 
the substituted thiourea and trisubstituted hexahydrotriazine structures, 








































!combination of these effects might give curves of the type observed for the 
I 
aryl pyrolysis products. The fact that the benzyl homolog absorbs in a 
.(118nner intermediate between the aryl and alkyl pyrolysis products further 
I 
indicates that both the aryl and alkyl compounds have the same type struc-
! 
I 
tures, and that the difference in the curves is due to the presence of the 
lromatic rings in the £-tolyl and ,E-Phenetyl homologs. Clow and Helm.rich 
(49) have noted that a -CH2- group at least partially detaches the chromo-
phores in aryl substituted thioureas, and this must be the case with the 
benzyl pyrolysis product. 
Attempts were made to convert the carbon-sulfur double bond of these 
~ompounds to carbon-oxygen double bonds by oxidation with mercuric oxide in 
a manner similar to that used by Hoffman (47) for thiocarbanilide, but no 
oxidation occurred. Alkaline hydrogen peroxide was also used as described 
by Kitamura (42), but again no oxidation occurred. 
The 1,3,5-trisubstituted hexahydro-1,J,5-triazines are hydrolyzed in 
acid solutions to give formaldehyde and substituted amines. It might be 
expected that the 1,3,5-trisubstituted hexahydrotriazine-2-thiones would 
hydrolyze in the tollowing manner: 
R-N-CH2 
I \ 








+ 2 HCHO + R-NH2 
Acidic hydrolysis of l,3,5-tricyclohexyltetrahydro-l,3,5-triazine~2-thione 
produced N,N 1-dicyclohexylthiourea, formaldehyde, and cyclohexylamine, 
indicating that the above reaction must have occurred and that the proposed 
I 
slructure for these pyrolysis products is correct. 
EXPERitmNTAL 
I 





A. · ~r~paration £! Methylenedianiline 
' 
' The method used was similar to that of Eberhard and Weltner (34). 
33 
One hundred and eighty-six grams (2o0 mol~s) of aniline, 65 mlo of ethanol, 
i 
and ~O g. of potassium hydroxide were treated with 77 go of formalin on a 
hot water bath. The reaction was carried out in a 3-necked flask equipped 
~ith stirrer and reflux condenser. Oily droplets separated, which gradually 
I 
~olidifiedo The crystals were filtered and washed four times with cold 
! 
alcohol. The crystals were white, and melted at Q2-64°. The yield was 53 g. 
or 13% of the theoretical amount. 
B. Attempted Preparation o.f !-Phenyl-N_-(phentlaminomethyl)dithiocarbamic ~ 
!nner Salt ....... .,.;;,·...,-
Fifteen grams of methylenedianiline in cold acetone solution was 
~reated with an excess of carbon disulfide. No precipitate formed on 
! 
standing, so ·the mixture was refluxed for several au,nutes, then evaporated 
to qne-quarter of the original volume, and on cooling a precipitate formed. 
I 
Recrystallization from acetone gave white, shiny plates, m.p. 150.8-151.8°. 
A, mixed melting point with thiocarbanilide showed no depression., indicating 
i 
that this compound was thiocarbanilide •. 
Analysis: Calculated for C13H1~z3: C, 68.4; H, 5.3. 
C, 68.8; H, 6.03. 
C. Reaction 9.£. Thiocarbanilide with Formaldehyde 
Before the identity o! the methylenedianiline-carbon disulfide product 
~as determined, a 5 g, portion was treated with an excess of !ormalin and 
' ' 
34 
heated. The hot solution was filtered, and crystals appeared on cooling. 
~ttempts to recrystallize this material from va'rious solvents were un-
i 
fuccessful, owing to decomposition. In every case the starting material 
i 
~nd formaldehyde appeared. The crude product melted at 125.5-126,5° with 
i 
the evolution of formaldehyde. This compound was not definitely identi-
1 
tied, but was believed to be the monomethylol derivative of thiocarbanilide. 
Found: c, 64.7; H, 6.48. 
D. Reaction of Methylenedianiline ~ Carbon Disulfide and Formaldehyde 
An excess of carbon disulfide was added to a cold solution of methylene-
dianiline in acetone, and after standing ten minutes, formalin was added. 
The mixture was allowed to stand one-half hour, and then water was carefully 
9-dded. The solid that formed was filtered and extracted with hot acetone. 
The insoluble material from this extraction gave no melting-point depression 
with the high polymer of N-phenylmethyleneimine prepared by the method of 
Miller and Wagner (36). The bulk of the soluble material melted at 140°, 
and gave no melting-point depression when mixed with the cyclic trimer of 
rf ... phenylmethyleneimine. A small amount of substance containing nitrogen 
and sulfur and melting at 169-170° was recovered from the soluble material. 
There was not enough of this compound available to allow analysis. 
E. Reaction of Methylenedianiline with Carbon Disulfide~ Ammonium Hydroxide 
Molar equivalent amounts of carbon disulfide and ammonium hydroxide 
were added to a cold solution of methylenedianiline, and the mixture was 
placed in a refrigerator overnight. Crystals formed, and the odor of 
i 
I 
hydrogen sulfide was noticeable. The crude solid started melting at 134° 
and melted over a range of several degrees. This material was thought to 




The reaction was repeated, and the yellowish-white solid which formed 
was removed as soon as it precipitated. It was washeq with cold ether, 
dried, and melted at 98-99° with decomposition. A mixed malting point with 
! 
ammonium N-phenyldithiocarbamate showed no depression. 
F. Pr.3J2aratiffi £f. Eth¥lidenedianiline 
'fhis compound was prepared by treating aniline with formaldehyde as 
described Eibner (39). An aqueous solution of aniline (0.98 mole) was 
treated dropwise with acetaldehyde (0.49 mole) with cooling. The resulting 
oil was separated from the aqueous layer and dried over potassium carbonate. 
G. Reaction .2f. !thylidenedianiline ~ Carbon Disulfide~ Formaldeh~de 
Crude ethylidenedianiline was dissolved in acetone and carbon disulfide 
was added. After stand:i,ng five minutes, formalin was added and the mixture 
cooled. The solid that formed was filtered out, and the crude material 
melted at 138-172°, This material was extracted with hot acetone and the 
acetone-solubl(1 fraction, after recrystallization from ether, melted at 
0 139-141. The insoluble portion, after repeated washing wtth dioxane, 
melted at 212-216°, These materials were believed to be the cyclic trimer 
and higher polymer respectively, of N-phenylmethyleneimine, and mixed 
melting points with these compounds gave no depression. 
H. Preparation.£! Prop~lidenedianiline 
This compound was prepared by treating aniline with propionaldehyde 
after the method of Eibner (40). ~n aqueous solution of aniline (0.82 mole) 
was treated dropwise .with propionaidehyde (0.41 mole) with cooling, The 
~esulting oil was separated from the aqueous layer and dried over potassium 
carbonate. 
I. Reactions :rf. Propyligene Dianiline 
Treatment of the diamine with carbon disulf~de and ammoniun hydroxide 
yielded a yellowish solid, m.p. 99°, which was found to be ammonium 
J6 
~-phenyldithiocarbamate. Treatment of the diamine in cold acetone solution 
I 
I 
with carbon disulfide gave no evidence of reac.tion, and the addition of 
formaldehyde gave an alcohol-soluble fraction and an alcohol-insoluble 
I 
fraction. These compounds were the cyclic trimer and higher polyr.1er of 
I 
' 
~-phenylmethyleneimine, as proved by mixed melting points. 
! 
J. Preparation of.Ethylidenedi-_e-toluidine 
i 
j 
The method used was that described by von Pechmann and Ansel (44). 
rwo-tep.ths of a mole of ~toluidine was suspended in 200 ml. of water 
~ontaining J.5 g. of potassium hydroxide, and 0.1 mole of acetaldehyde was 
added dropwise. The mixture was stirred and maintained at o0 during the 
addition and for 45 minutes thereafter. 
i 
K. Attempted Reaction£! Ethylidenedi-_e-toluidine ~ Carbon Disulfide~ 
Formaldehyde 
A solution of the crude diamine in acetone was treated with an excess 
of carbon disulfide, but no precipitate formed. Some of the amine was 
treated directly with carbon disulfide in the absence of a solvent, but no 
evidence of reaction was observed. Formaldehyde was then added and the 
Iidxture allowed to stand overnight. Attempts to obtain crystals from the 
resultant oil were unsuccessful. 
CI. PREPARATION OF l,3,5-TRIALKYLHEXAHYDR0-1,3,5-TRIAZINES AND REACTION WITH 
CARBON DISULFIDE 
A. Reaction .2£. Cyclohexylamine ~ Methylen~ Chloride 
Seven-tenths mole of cyclohexylamine was placed in a 3-necked flask 
equipped with stirrer and reflux condenser, and 0.38 mole of methylene 
I 
chloride was added dropwise. The mixture was refluxed for five hours after 
the addition was completed, and then allowed to stand overnight. The solid 




!and the oily layer that formed was dried over potassium carbonate, and 
! 
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distilled to remove excess cyclohexylamine. Part of the amine came over 
. \as an azeotrope with water, b.p. 94-95° 1 and the temperature then rose to 
I o · . 
~38. A solid appeared in the still pot, which gave a positive test for 
halogen, indicating that it probably was a hydrochloride saJ.t. ·The m:b;.ture 
I 
was again treated with 40% potassium hydroxide, dried, and distilled. The 
pressure was reduced and the material boiling in the range 46-110° (4 mm.) 
i 
was collected. This material was dissolved in acetone, cooled, and a white 
crystalline solid was obtained, which after recrystallization melted at 
72.2-72.8°. This compound was found to be 1,3,5-tricyclohexylhex.ahydro-
;,3,5-triazine~ 
~nalysis: Calculated for c21a39N3: c, 75,75; H, ll.8; Mol. wt. 333.5, 
Found: C, 75.J4; H, 12.6; Mol. wt. 327. 
In addition to this compound, a crystalline solid was isolated from an 
acetone solution of the tr~ction boiling at 238° (4 mm.). This substance 
I 
melted at 96~98°, but was not identified. A still higher-boiling fraction 
~as obtained, b.p. 253° (3 mm..), but no crystalline solid could be obtained 
~rom this dark brown, highly viscous substance. 
B, ~reeeration ~·!,J,.2,•Tric:yclohexzlhexahzdro-!,2.,.2,-!?riazine .ez Reaction~ 
Clclohe?5llamine and Fotmaldeh:yde 
One and fifteen-hundredths moles of eyelohexylamine was dissolved in 
250 ml, ot water and l,2 moles ot formaldehyde (as formalin) was added 
dropwi1:3e with stirring and cooiing. An oil appeared, which slowly solidified 
in the form of white needles. 
i 
These were isolated by filtration, washed with 
I 0 
cold water, and melted at 72-73. This compound was the same as that pre-
pared by the reaction of cyclohexyla.mine and methylene chloride. The yield 
was 105 g., which is 82% of the theoretical amount. 
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C. :Preparation££ l,1-Dicyclohexyltetrahydro-1,1,1-thiadiazine-~-thione 
One hundred and five grams (0.383 mole) of 1,3,5-tricyclohexylhexa-
hydro-1,3,5-triazine was dissolved in acetone, an excess of carbon disul-
[fide added, and the mixture refluxed for one-half hour. The .mixture turned 
I , 
:light brown, and upon cooling, a precipitate formed. After being twice 
recrystallized from an acetone-water mixture, the white, shiny plates 
melted at 145.8-146.2°. This material was not so~uble in dilute hydro-
chloric acid. The yield, after one recrystallization, was 65 g., which is 
56.6% of the theoretical amount. 
Analysis: Calculated for c15a26N2s2: C, 60.36; H, 8.78; N, 9.39; 
S, 21.47; · !lol. wt., 298.46. 
Found: C, 60.47; H, 9.15; N,- 9.18; S, 21.84; Mol. wt • ., 302. 
D. Attempted Preparation .£! .!,.J.,2-Tricyclohe&l-~,lt,§.-trimethylhexahydro-
1,;2,2-triazine 
Sixty milliliters (0.496 mole) o'f cyclohe.x.ylamine was dissolved in 
500 ml. of water, and 25.3 ml. (0.45 mole) of acetaldehyde was added drop-
wise with stirring at room temperature. On standing several hours, an oil 
appeared, which was separated from the water and dried three times over 
solid potassium hydroxide while being cooled in an ice bath. This material 
was then distilled twice at reduced pressure. The fraction boiling at 68-
. D 
72° (41 mm.) was collected. It had an index of refraction of n23 = 1.4565, 
and an odor similar to that of green bananas. 
A precipitate formed immediately upon the addition of carbon disulfide, 
which indicated that the compound was not the desired hexahydrotriazine. 
This solid was cyclohexylammonium cyclohexyldithiocarbamate., m.p. 144-45°, 
as proved by mixed melting points. 
The liquid product from the cyclohexylamine-acetaldehyde reaction 
was not characterized since it was not the desired compound. 
39 
E. Preparation of 1,1,2.-Triisopropylhexahydro-l:,].,2,-triazine 
Two hundred and seventy-five milliliters of isopropylamine (3.23 
moles) was dissolved in 250 ml. of water, and 283 g. of formalin was added 
propwise with stirring. The temperature was maintained at 20°, an::l stirring 
! 
was continued for 30 minutes.after the addition was complete. The mixture 
was then allowed to stand overnight. The water layer was removed, twice 
extracted with ether, and the ether extracts added to the oil layer. The 
combined extracts and oil were dried by treating twice with potassium 
hydroxide and once with potassium carbonate. The mixture was distilled 
twice, and the fraction boiling at 115-122° (11 mm.) was collected. The 
yield was 144.9 g. (0.68 mole), or 63% of the theoretical amount. 
F. Preparation of ].,2_-Diisopropyltetrahydro-1,1,2.-thiadiazine-~-thione 
The hexahydrotriazine was dissolved in acetone, carbon disulfide added, 
and the mixture was refluxed for one-half hour. Cooling and the addition 
of water oaused crystals to form. After recrystallization from acetone, 
the melting point was 124.8-125.4°. The yield was 62.2 g. (0.285 mole), 
or 42% of the theoretical amount. 
Analysis: Calculated for c9a18N2s2: C, 49.5; 
s, 29.37; Mol. wt., 218.38. 
H, 8.3; 
FoW1d: c, 49.7; H, 8.7; s, 29.36; 
N, 12.88; 
Mol. wt., 224. 
An attempt was made to prepare this compound by the alternate method 
of treating the a!r4ne with carbon disulfide, and then treating the result-
ant dithiocarbamic acid with formaldehyde, but a dark brown, foul-smelling 
oil was for.med, and attempts to obtain crystals from tnis oil were W1-
successful. 
G. Preparation 2£ 1,,1,2_-Tributylhexahydro-1,1,.2.-thiadiazine 
Seventy-four grams (1.0 mole) of _g-butylamine was dissolved in 500 ml. 
water, and a slight excess of formaldehyde (as formalin) added dropwise 
40 
0 0 :with stirring., wb,i,le; the temper1;tture was maintained between 15'. and 20 . I - , . _ .. -
1 ·- i . 
St,\rrinit WFiS. Qont;l.nl,\ed for 30 no.nutes at'ter the ndditioo. was e9r:iplete. 
The oil lay~r that formed was removed, treated with solid potassiwn 
. ' . ,. . .,. . .. 
pydroxid~,. the reisulting aqueous layer removed, and the ,oil dri{id over 
I . . ~ ' . . . • 
i 
potassiwn carbonate overnight. ,, ~he material was disti,lled at -,rectµced 
pressure and the traction boiling at l.3,2-l;L+0 (4-5 mm.) was collected as 
product. The yield was 49 g. (58%). . . ~ ' ' ' 
H. · At~emeted ~re~ration g .a1~;..D~but:l~etrahzdrC>~J.,~.,2_-t,9ia~~a~~ne-~-thio~e 
. . ' 
The l,;,5-tributylpexahydro~l,J.,5~triazine was di~solved in acetone, 
carbon di~ulfide aqded, and the mixture refluxed for li hou~s. Attempts. to 
' . . ·- . . . . . 
obtain crystals trom the resulting mixture were unsucget;;~ful., a~d only an 
oil was .r:eceived. Distillation at 115 nun. was attempted,: but decomposition 
occurred, so the pressu~e was lowered to 7 mm • ., and_ t~e material came over 
between 61° and 150°. Decomposi~ion again occurred, with thiof'o;rmaldehyde 
being split ~ut during the dis~illation. The distillation wa.~ attempted at . .. ' . . ; '. ·. 
2 mm • ., bµt decomposit,i~n ~till 09curreQ, and the matevial distilled 1n the 
. . . . .-•;. 
, range 10-i25°. Flµ'tber attempts to purity the foul-smelling product were 
not fllade. 
I, ~remtr8:z~1,o~ 2£. ,!,J~,2:r·Tr113th~;t,.h;~:xah;ydro-J.,i~~-tr_ia:d.ne _ 
One hundred grams (0.734 @Q~~) ot 3J% ethyla@ine ~as treated dropwise 
. . 0 
with 62.5 g. of forJl\8.lin, while ,being stirred and maintained at 10 • The 
solution was treated; three timee''Yiith solid potassit.JJn .hydro~de., and the 
9il layer that formed was removed;atter each treatment~ The aqueous layer 
was then extracted with ether, and the oil layers and ether extract com-
bined. This material wa~ treated with solid potassiwn hydroxide and 
agitated for one ho~. The resulting aqueous layer was removed, and the 
treatment with solid bas~ and separation of the aqqeau~ layer repeated. 
The material was dried overn~ght over pota~siwn carbonate, and tQen 
I 
l 
1istilled. The fraction boiling.at 92-97° (11 nun.) was collected as 
product •. The yield was 32.0 g. ,, or 25% of the theoret_ical amount. 
J. Preparation .2! . .l,.2.-Dieth;ltettahidro-1,.J.,i.,.thiadiazine.:..~-thione . 
. ; ~ . ' : . . . . ,-
Thirt,y-twp grams (0.187 .mole) or 1,3,5-triethylhe.xahyd;r:o~l,.3,5-
t]riazine .was dissolved .in acetone., carbon disulfide added, 13:nct the mixture 
r.etluxed fo.r 45 m!nutes. The lilix:ture became dark brown. and developed a 
. . .. ' ':. . '•. 
d;isagreeable odor, indicating that the reflux period l'l~~ .too long and that 
' 
spme decomposition ha.d ~ccurred. The addition of a few ;,drop~ at water and 
1 • 1 f .. 
cooling caused .the formation .of ,a precipitate, which a~-t~r. r~crystallization 
. . . , .· ' ' .... :· 
from acetone melted at 73.4-74.9°. The yield was 10.5 g., or 29.5% of the 
theoretical amount. 
Analysis: Calculated for c7H14Nz52: C, 44.17; H, 7.4; S, 33. 70; 
Mol. wt,, 190.33. 
Found: C, 44.45; H; 8.25; s, 33.S; Mol. wt., 200. 
K. ,~eaction ,2! Ethanolamine with Formaldehyde !!!S!, Carbon Disulf~de 
Sixty-six grams (1.07 moles) of ettuinol•ne was dissolved in 190 ml. 
of water, cooled, and 91.5 g. of formalin added dropwise with stirring. 
The water was distilled at 60 nun,, then the pressure was reduced to 6 mm,, 
and the traction boiling at 109~111° colle~ted. This material was dis-
solved in four parts of acetone, carbon disulfide added, and the mixt~e 
refluxed for 30 minutes. The mixture became dark red and developed a dis-
agreeable odor. The acetone was distilled from the mixture, and the re-
~inder of the material distilled at reduced pressure. The temperature 
r~se continuously during distillation, and the distillate had a foul odor, 
I 
It became discolored on standing several days, and attempts to obtain 
crystals were unsuccessful. 
L, Reaction .2£ ,a-HetSZlamine with Fo_rmaldehyde 
Five gfams (0.05 mole) of redistilled n-heJtYlamine was dissolved in 
42 
~O ml. of alcohol and 10 ml. of formalin added with agitation, while 
cooling in an ice bath. After standing two hours, carbon disulfide was 
added, and the mixture refluxed for two hours. An oil layer separated, 
:indicating that a reaction had occurred, but attempts to obtain crystals 
I 
~rom acetone or alcohol solutions of the oil were unsuccessful. The oil 
I 
was allowed to stand for four weeks but no crystals formed. This liquid 
was distilled at 10 mm. pressure, and came over between 110° and 135°; how-
ever decomposition occurred, and thioformaldehyde was formed. Further 
attempts to purify the material were not made. 
An attempt to prepare the desired 3,5-dihexyltetrahydro-1,3,5-thia-
diazine-2-thione by the alternate method of adding carbon disulfide and 
then formaldehyde to an alcoholic solution of the amine resulted in the 
evolution of hydrogen sulfide and the formation of N,N'-dihexylthiourea. 
:I. PREPARATION OF l,3,5-TRI(ARALKYL)HEXAHYDR0-1,3,5-TRIAZINES AND REACTION WITH 
CARBON DISULFIDE 
A. . Preparation of 1,1,.z.-Tribenzylhexahydro-1:,2.,.2.-triaz,ine 
Nine and seven-tenths grams (0.91 mole) of benzylamine was dissolved 
in 250 ml. of water and treated dropwise with an excess of formalin with 
stirring and ice cooling. The mixture was stirred for two hours after the 
addition was complete and then allowed to stand overnight. The water layer 
was removed and extracted with benzene, and the combined oil and extract 
treated with potassium hydroxide. The product, which distilled at about 
240° at atmospheric pressure though with some decomposition, was distilled 
a~ reduced pressure. The distillate was dissolved in acetone, an excess of 
carbon disulfide added, and refluxed for 30 minutes. The product was a 
v.iscous brown oil with a foul odor, and attempts to obtain crystals from 
this oil were not successful, and shorter reflux periods also failed to 
produce the desired type product. 
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The desired compound was prepared by the alternate method. Ten and 
seven-tenths grams (0.1 mole) of benzylamine in 70 ml. of cold alcohol was 
treated with 3.8 g. {0.05 mole) of carbon disulfide. The dithiocarbamate 
9a1t was filtered out, washed with cold alcohol, then suspended in 200 ml. 
~lcohol and treated with an excess of formalin. The soluble product was 
I 
I 
recovered from the alcohol, a..nd after recrystallization melted at 101-102°. 
The yield was 12 g., or 76% of the theoretical amount. 
Analysis: Calculated for c17H18Ni2: C, 64.91; 
Mol wt., 314.46. 
H, 5.77; 
Found: c, 65.12; H, 7.2; S, 20.42; Mol. wt., 322. 
s, 20.39; 
C. Preparation of !.,.z,.2,-Tri(i.-phenylethyl)hexahydro-1.,1,.2.-triazine 
I . , 
_,,-Phenylethylamine (4.37 g., 0.036 mole) was suspended in 35 ml. of 
water, an excess of formalin added slowly with stirring and ice cooling, 
and the mixture allowed to stand overnight in a refrigerator. The oil layer 
was removed and the aqueous layer extracted twice with petroleum ether. The 
combined oil and extracts were dried over potassium carbonate and distilled. 
The material boiling at 210-225°, a viscous yellow liquid with a character-
istic odor, was collected as product. The amount obtained was 4.06 g., or 
84.?% of the th~oretical yield. 
p. ~~eparation of .z,.2.-(i!-phenylethyl)tetrahydro-1,1,.2,-thiadiazine-g-thione 
A solution of 4.06 g. (O.Olmole) of 1,3,5-tri(#-phenylethyl)hexahydro-
i,3,5-triazine in acetone was treated with an excess of carbon disulfide, 
and the mixture refluxed for 20 minutes. The mixture was poured into an 
evaporating dish, the solvent and excess carbon disulfide evaporated, and 
I 
t~e solid obtained was recrystallized from acetone. The product was in the 
form of white needles, melting at 107-108.5°. The yield was 1.5 g., which 
is 44% of the theoretical amount. 
This compound wa~ also made by the alternate method of treating the 
amine with carbon disulfide, and then causing the resulting dithiocar-
bamate to react with formaldehyde. 
Analysis: Calculated for c19H22N2s2: C, 66.6.3; 
Found: C, 66.34; H, 8.9. 
IV. PREPARATION OF 1,3,5-TRIARYLHEXAHYDROTRIAZINES AND REACTION WITH CARBON 
DISULFIDE 
A. ~reearation £!,~,l,2-Triphenylhexahydro~1,~,~-triazine 
44 
The method used was that of Mi+ler and Wagner (.36). Redistilled 
aniline (25,5 g., 0,274 mole) was treated with an excess of formalin, The 
soluble trimer, melting at 140-141°, was separated from the insoluble higher 
polymer with acetone. 
B. Reaction ,g,f 1,2.,.2.-Triphenylhexahydro-!,~,.2,-triazine ~ Carbon Disulfide 
Some of this compound was dissolved in acetone, carbon disulfide added, 
and refluxed for ten minutes. Only the starting material, in addition to 
some of the insoluble higher polymer of aniline and formaldehyde formed 
during the heating, was recovered, The reaction was again attempted, but 
the mixture was refluxed for four hours. The results were as before, The 
reaction was tried again, and 3 drops of 6 N hydrochloric acid were slowly 
added to about 50 ml. of the refluxing mixture, The acid caused the cyclic 
trimer to, decompose., and no sulfur-containing product was received, 
The reaction was attempted in a sealed tube., which was heated at 92 0 
in a water bath for one-half hour, No reaction occurred., and the starting 
material was recovered, The sealed-tube reaction was tried again., and the 
heating period was extended to 2i hours, but none of the desired product 
was obtained, The sealed-tube reaction again attempted, and this time the 
tube was heated in an oil bath at 125° for 2! hours. After removing the 
acetone and carbon disulfide, a viscous yellow oil rernained, Repeated 
attempts to obtain crystals from acetone or alcohol solutions of this 
material were unsuccessful. 
Co Preparation .2f 2.,2.-Diphenyltetrah;ydro-l,l,2.-thiadiazine-~-thione ~ 
.Alternate Method 
45 
Seventy-one grams (0,7~ mole) of redistilled aniline was dissolved in 
250 ml. of alcoho:)., and 29 g, (0.38 mole) of carbon disulfide was slowly 
added, while stirring the m:i,xture and cooling in an ice bath. After ten 
minutes, 66 g. (0,76 mole) of formalin was slowly added with agitation. An 
oil formed, which gradually solidified. The mixture was warmed (not all of 
the solid dissolved), filtered, and cooled. The crystals which formed in 
the liquor were filtered off, and the f;i.ltrate was used to extract the 
original solid four more times, the soluble material being recovered anq 
removed each timeo An insoluble material :remained, which appeared to be 
the high polymer of aniline and formaldehyde. The soluble material melted 
over the range of 135-160°, indicating that some of the cyclic trimer of 
aniline and formaldehyde (m.p. 140-141°) might be present. This material 
0 
was recrystallized from acetone, and then melted at 169-171. A second 
recrystallization raised the melting point of the white needles to 172.8-
173.6°. The weight of the product (once recrystallized) was 5.1 g., which 
represents a 4.7% yield, 
H, 4,9; s, 22.38. 
Found: C, 62.61; H, 5.68; s, 22.14. 
D. Preparation of 1.,l,2.-Id,(12-tolyl)hexahydro-.l,2.,.2.-triazine 
The method used was that described by Miller and Simons (45). Re-
'distilled 12-toluidine (21.4 g., 0.2 mole) was treated with an excess of 
formalin in cold alcoholic solution. After 30 minutes the solid was 
filtered off, washed with cold alcohol, and dried under vacuum. 
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I . . . . . . . .. . . ·. . . • . 
E. Reactio~ .2£. !,..2.,.2.-Tri(.2"".tol;yl)hexahydro-!,.1,2.-triazine with Carbon 
Disulfide 
An unweighed a.mount of this compound was disl;lolved in acetone, carbon 
ct
1
isulfide added, and the mixture refluxed for ten mi,nutes, but no reaction 
ojccurred, and the starting materials were recovered. 
The reaction was tried again with the reflux. period extended to three 
hours, but the starting materials were again recovered. 
The reaction was attempted in a sealed tube. The mixture was heated 
for one hour at 125°, then poured into an evaporating dish and the acetone 
and excess carbon disulfide.evaporated. The solid remaining was washed 
with cold alcohol and recrystalli~ed twice from acetone., The crystals 
were yellowish-white, and melted at 178-179.2°, This compound was believed 
to be N,N'~di(e-tolyl)thiourea, m.p. 178-179°. (Literature value). 
F. Preparation _e.t ].,.2,-.!2!,(e-tolyl)tetrah;ydro-!,l.,.2,-tbiaqiazine Bl .Alternate 
Method 
Redis~illed ~-toluidine (20.4 g., 0.19 mole) was dissolved in 125 ml. 
of acetone, chilled to ice bath temperature, and 11 ml. (0.19 mole) of 
carbon disulfide added. After standing five minutes, 16.25 ml. (0.19 mole) 
of formal.in was added, and the mixture was ag:Ltated occasionally for one 
hour. It was then placed in a refrigerator overnight, during which time 
the mixture developed an orange color and a disagreeable odor. The acetone 
and excess carbon disulfide was evaporated, the viscous oil taken up in 
acetone, water added, and the solution placed in a refrigerator for two 
days. The cryst~.ls that formed were filtered and recrystallized from 
0 acetone, and melted at 131.2-132.6. 
H, 5.77; s, 20.39. 
Found: c, 64-97; H, 6,24; s, 20.42. 
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G. Preparation of 1,2.,2.-Tri(.12-phenet?l)hexahydro-l,J.,2.-triazine 
The method of preparation was similar to that of Wagner (46). Re-
distillEld :e-phenetidine (~7.4 g., 0.2 mole) in 150 ml. of cold alcohol was 
treated with 12.5 ml. carbon disulfide and allowed to stand for 10 minutes. 
Twenty-three grams of formalin was added, with agitation and cooling. Water 
was added .until an oil for-med, the mixture was then warmed to dissolve the 
oil, and upon cooling, whitish-yellow needles formed. After recrystalliza-
0 tion twice from aceton,e, the melting point was 156.2-157, and the yield 
was 10 g., or 13.4%.of the theoretical amount. 
V. PROOF OF STRUCTURE OF 3,5-DISUBSTITUTED TETRAHYDR0-1,3,5-THIADIAZINE-2-THIONES 
A. Ultraviolet Abso.~12t:i.on £! · 2., 2.-Dic;yclohexyl tetrahydro-1., J., 2.-thiadia zine-_g_-
thione 
A small sample (2.3 mg.) of this material was dissolved in 20 ml. of 
Phillips 11 spectro-grade 11 isooctane, and 0.7 ml. of this solution was placed 
in 5.5 ml. more of this solvent. This represents a concentraticn of 0.00009 
mole per liter. The optical density of this solution was determined, using 
a Beckman Model DU Spectrophotometer, for the range of 220-320 m)A-. The 
data are plotted on plate 1. 
B. Ultraviolet Absorption of J, 2-Diisopropyltetrah;rdro-l,}, i-thiadiazine-2-
thione 
A 50.3 mg. portion of this compound was placed in 40 ml. of nspectro-
graden isooctane, but it appeared that only about half of the material 
dissolved. Two-tenths milliliters of this solution was diluted with 5.0 
ml. of the solvent and the optical density determined as before. If about 
half of the material had gone into solution, the concentration would have 
been of the order of O.OOOll mole· per liter. The curve for the data ob-
tained is shown on plate 1. 
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C. Ultraviolet Absorption .2£. 1,.2,-Diethyltetrah;ydro-J.,1.,.2,•thiadiazine-~-thione 
i ' Three and one-t~nth milligrams of this compound was placed in 20 ml. 
of "spectrQ-grade 11 i5.ooctane., but, not all dissolved. One milliliter of tqis 
I . 
~olutio~ was diluted;with 5.5 ml, of.the isooctane and the optical density 
was determined throueh the range 220-320 m,u. The concentration would have 
been 0.00012 mole per liter if all of the material had gone into solution. 
The data obtained ar~ plotted on plate 1. 
· D. Ultraviolet Absorption .2! 1,.2,-Dibenz;,:lt_etrahydro-Lz.,,2.-thiadiazine-~-thione 
A few crystals (2,9 mg.) of this compound was dissolved in 20 ml. of 
"spectre-grade" isooct!;lne., and tnen l.Q ml. of this solution was placed 
in about 9 ml, of the solvent, and the optical densi~y determined as with 
·, 
the other homologs. ._The concentration of the solution analyzed about 
~00005 mole per liter. The data are plotted on plate 3, 
E. Ultraviolet A~soret_i
1
on .2£ i.,.2.-~(&.-Ehenylethyl) tetrahxdro.,-!,l,.2,-thiadia-
zine-2-thione -----
Two and six-tenths milligram~ of this compound was placed in 20 ml. 
of "spectro~grade" isoootane, but not all of the solid dissolved. The 




idn 2£ _l.,,2.-Diphen;ylt~tfaffiXdro-~.,.J.~.2.-t~iadiazine ... ~-
thione 
A small sample (2.l mg,) 0£ this compound was placed in 20 ml, of 
the i~ooptane, but it did not all dissolve. The absorption of this solu-
~ion was weak, since the solubility was very low. The above amount of this 
' 
I 
compound was dissolved in 20 ml. of 95% ethyl alcohol., and one ml, of this 
~olution diluted to about 9 ml. This represents a concentration of about 
0.00004 mole per liter. The results are plotted on plate 2. 
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G. Ultraviolet Absorption .2.£ i,'°'.,.W:, (.ia ... tol~(l)tetrah;c:dr9. ... ,!;~,.2-thiadia zine-,g.-
thione 
Two and three-tenths milligrams of this material was placed in 20 ml. 
qf isooctane, but not all di.ssolved, $everi-tenths milliliters of this 
! 
Jolution wa~ diluted" to 5 ml,, and th~ optical density det~rmined for the 
range of 220-320 mp., The data are plotted on plate 2. 
H. Ultraviolet Absoretion 2! ~;2-~(R-iahenetyl)tetrah;dro-!,i,i•thiadiazi.ne-
_g ... thione 
Two .and eight-tf:lnths milligrams of this material was placed in 20 ml, 
or isooctane, but the soiubility was too low to give satisfactory absorp-
tion. The same amount of this substance was diasolved in 20 ml, of 95% 
ethyl alcohol, then one ml, of this solution was dilute<S to about 8 ml. 
The absorption was determined, and the results are-plQtted on pl,ate 2, 
I, Reaction 2£ .z..,~-Disubstituted T~trah~dro-!,i,i-~hiadiazine-~ ... thiones with 
Metal;J.io Salts 
The dicyclohexyl hofnQlog in alcohol was treated with aqueous ~ercuric 
chloride and a water-insoluble, alcohol-insolublQ, white precipitate formed. 
Treatment of the dicyclohexyl homolog with silver nitrate produced a black 
precipitate, and treatment with ferric chloride also produced a black 
precipitate, 
J, Atiempted Oxidation $.£.·i,,2-Dicyclohepltetra~Yflro ... !,J,.J, ... thiadiazine ... ~-
thione 
The method e>t Kitamura (42) was attempted, Two grame ot the compound 
was ~us~nded in 10% potassiµm hydroxide, and 30% hydrQgon peroxide added 
slowly over a period of' tour hoµre with vigorous stirring, The mixture was 
stirred overnight, more hydrogen peroJd.de added, and stirring continued !or 
four hours, The mixture was then allowed to stand tor two days, The pre-
cipitate was recrystallized trom acetone, and moltod at 145..,.146°, indicating 
that it was the starting ,nater;tal and that no oxidation had oc,c1J.rred. 
K. Attemet,ed ~xidation, .2.£ ~,2.~D1?i9,loneasz~~isvr;ahzdr·g ... _!,~,~-thi!-HJi.az1ne-~'!" 
rhione with M5?r~urie.Oxide 
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I One and eigh,t~tenths g:ri~ (0,006 mole) of th:i.~ qqmpound was dissolved 
I 
in ether,. 2 g. of mel'ouric oxide .~dded, and the mixture allo'91!~d to stand 
tor five days with oqcasional agitetion, Th~ mixture wts .filte1·ed 1 cooled, . . ~ . 
and the qrystala tha~ to~med '11@lted at 140..:4:zO. - A mixed ~lting point wj_tb 
I . . . ' . ' . 
the starting compound showed no depresijion1 ipdioating t~t np oxidation 
had occµrred. 
?he oxi9ation was attempt~d by placing the reagents 1n ~Qetone and 
reflwg.ng for two hQurs 1 b"t the starting organia oompoµnd was re~overed 
unchanged. 
L, Treatment~ 1,;_~Disubstiiu~~dTft~r;a91dro .... ,!,J,.2, ... th1~d~az1ne:..,a~th1ones 
with Ammonium H~droxide -·' .. 
A one-gram sample of S,S-di;soprQp>7ltetrahydro ... 1,3,s.,.thia.diazine.-2-
thione was suspended ,1n wat,,r and ~on~um hydroxide and ~l.lq~~d to s.tand 
overnight, The solid went into .solution, anq ev~poraticm ot the watei- tnd . . 
emsnonia left a white cr:vEStalUne .solid, whioh was found to be iaopropyl ... 
. . . . . ' . 
ammonium N~isopropy~dith.iocar~ll'Jate. 
A om,-gram sample of tile ethyl homolog was J)+lced ill ammonium hJd.ro~cle 
and heated gently. The aol1d reacted an9 wept into ,olution like tne 110-
propyl homolog. 
I 
The cyclohexyl }1omolog w.as treated with ~n~a a~ above, but rija.at~d 
I 
at a much lower rate., requir;Lng, G~veral ~1G to diQaolve, 
·r. THERM.AL DECOMPOSITION OF 3, 5-DISUBSTITUTED TETRAHYDR0-1, 3, 5-THIADIAZINH:-2-
THIONES 
A. Pyrolysis g! ~,i-Diisopropyltetrahydro-1,2,z-!hiadiazine-~-thione 
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Two and one-tenth grams (0,0096 mole) of this compound was placed in a 
!'ii.ask equipped with a reflux condenser, and heated to 175°. Within a period 
I 
i 
of three or four minutes, a solid 1;1ppeared in the molten ma$s. The heating 
was discontinued, the mass cooled and extracted with acetone. The dull 
yellow, insoluble, amorphous materlal gave a positive test for sulfur, a 
negative test !'or nitrogen, and melted at 226-228°, with decomposition. 
This material was thioformaldehyde, and O.Sl g, (0.0173 mole) was obtained, 
Toe acetone-soluble material was recrystallized twice from acetone, and 
melted at 99.4-100,2°, This material was thought to be l,3,5-triisopropyl-
hexahydro-1,J,5-triazine-2-thione. 
Analysis: CalGulated for C12H25N3s: C, 59,21; 
Mol. wt., 243,40, 
H, l0,35; S, lJ.17; 
Found: C, 59,29; H, i1.32; S, 13,06; Mol. wt., 236, 
B, Pyrolysis S?.£. 2,,j,-Dicyclohex;z,ltetrah;tdro-J:.,2,,4-thiadiazina-~-thione 
Fifteen grams of this material was placed in a flask equipped with a 
reflux condenser, and gently boiled for 5 minutes. A solid (thioformalde-
hyde) appeared in the molten mass during the heating. After cooling, the 
resulting raaterial was extracted with acetone, A soluble compound was 
obtained from the ac;etone extract, which after recrystallization twice from 
acetone, bad a melting point of 158,2-160°, This compound was believed to 
b~ l,3,5-tricyclohexyihexahydro-1,3,5-triazine-2-thione. 
i 
Analysis: Calculated for c21H37N3S: C, 69,35; H, 10,26; s, 8.82; 
Mol. wt., 363,59, 
Found: C, 69.65; H, 10.70; S, 8,75; Mal. wt., 365, 
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c. Pyrolysis 2£ 1,.,,2-Diethyltetrahydro-!,J.,.2,-thiadiazine-R-thione 
~. . 
A. sample of this compound was melted and gently boiled for 3 ~nutes, 
but no thioformaldehyde appeared. The material was recrystallized from 





The decomposition was again attempted, but the boiling was continued 
for 5 minutes. No thioformaldehyde was obtai,ned, and a dark brown oil 
remained. Attempts to obtain crystals from the oil or from alcohol or ace-
tone solutions were unsuccessful. 
The decomposition was tried again, with a two-minute boiling period. 
Some thioformaldehyde was obtained in addition to a soluble substance, but 
the only solid recovered from the acetone extract proved to be the starting 
material. 
o. P~rolysis 2£ l,,2-Dibenz:tltetrahydro-l,l,,2-thiadiazine-~-thione 
E. 
Six grams of this material was boiled gently for three minutes, then 
it was taken up in acetone, but no thioformaldehyde was detected •. The 
crystals recovered from the solution started melting at 93°, indicating 
that some starting .rna:terial was present. This solid was recrystallizeq 
. 0 
twice from acetone, and then melted at 157-157.8. The yield was 0.25 g. 
Ttus compound was believed to be 1,3,5-tribenzylhe~hydro-l.,3.,5-triazine-2-
thione. 
~n~lysis: Calculated for c24H25N3S: C., 74,36; H., 6.51 
Found: c., 74.37; H, 7.68. 
Pyrolysis of 3.,,2-Di((-ehenylethyl)tetrahydro-1,l,i-thiadiazine-~-tnione 
: ,, ...... ~. ·r i' I , ,. ' 
i 
A small sample of this compou.p.d was boiled gently for two minutes and 
then extracted with acetone. The insoluble thioformaldehyde present was 
removed by filtration, and attempts were made to obtain a solid from the 
soluble portion, but only an oil was obtained. 
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F. Pyrolysis£! 2,,.2,-Diphenyltetrahydro-1,1,.2.-thiadiazine-g-thione 
Six grams (0.018 mole) of this compound was boiled gently for 7 
.minutes, then cooled, extracted with acetone, and the thioformaldehyde 
filtered from the solution. A solid, m.p. 141-142°, was recovered from 
the ~olution and a mixed melting point with l,3,5-triphenylhexahydro-1,3,5-
triazine showed no depression, No sulfur-containing solid was recovered 
from the solution. 
G. P;Lrolysis of 2.,.2.-£!(.p-tolyl)tetrahydro-l,2.,.2.-thiadiazine-g-thione 
Four and one-tenth grams (0.013 mole) was boiled gently for 6 .minutes, 
then taken up in acetone. No thioformaldehyde was evident as all of the 
material was s .. oluble. A very small amount (about 0.02 g,) ot a white 
crystalline solid was recovered from the solution, m.p. 150.5-152°. 
H. Pyrolysis of 2.,.2.-Qa:.(.£-Phenetyl)tetrahydro-_!,2.,.2.-thiadiazine-g-thione 
Five grams (0.013 mole) of this compound was boiled gently for two 
minutes, extracted with acetone, the thioformaldehyde filtered from the 
solution and the soluble solid recovered. After recrystallization twice 
· from alcohol, the melting point was 173-174.2°. The yield was 0.14 g. 
This compound was thought to be l,3,5-tri(e-phenetyl)hexahydro-1,3,5-
triazine-2-thione. 
Found: C, 67.72; H, 7.56. 
~I. PROOF OF STRUCTURE OF 1,3,5-TRISUBSTITUTED HEXA.HYDR0-1,3,5-TRIAZINE-2-THIONES 
A. Ultraviolet Absorption of 1,2.,.2.-Trialkllhexah;ydro-J:,2.,.2.-triazine-,g_-thienes 
~ Standards 
Small unweighed samples of these compounds were dissolved in isooctane, 
and the concentrations adjusted until the absorptions fell within the desired 
range. The optical densities of these solutions were determined on a Beckman 
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~odel DU Spectrophotometer, and the results are plotted on plate 4. The 





B. ~ltraviolet Absorption of ];,.,2,,.;2_-Triaryl- and 1,.,2,.,2,-Triaralkylhexahydro-
l,3,5-thiadiazine-2-thiones and Standards ~-- - -
Small unweighed samples of these compounds were dissolved in the proper 
solvent, and the concentrations adjusted to give absorptions that were with-
iP the desired range. The £-tolyl homolog was dissolved in isooctane, while 
the other compounds were dissolved in 95% ethyl alcohol, and the optical 
densities were determined. The results are plotted on plate 5. The com-






C. Attempted Oxidation El l,2,2-Tricyclohexylhexah~dro-l,2,~-triazine-~-thione 
Two grams of this compound was suspended in 15 ml. of 10% sodium 
hydroxide and 5 ml. of 30% hydrogen peroxide added in small portions over 
a period of 2 hours, while the mixture was stirred. The mixture was allowed 
to stand overnight, and then 3 ml. more peroxide was added. The solid was 
filtered, washed with water, and melted at 157-159°. A mixed melting po~nt 
with the original oompound showed no depression, indicating that no oxidation 
had occurred. 
D. Acidic H~drolysis 2£. l,~,.2,-Tricyclohexylhexahydro-l,..2.,.2,-triazine-~-thione 
One-half gram of this compound was suspended in 20 ml. of water, 5 ml. 
of dilute hydrochloric acid added, and the mixture refluxed for 30 minutes. 
The solid rema~nj.ng was filtered, recrystallized from alcohol, and melted 
54 
~t 178-80°. A mixed melting point was taken with N,N'-dicyclohexylthiourea, 
and the mixture melted at 176-79°, indicating that this solid was the di-
substituted thiourea. During the reflux period., the odor of formaldehyde 
was detected, and the filtrate from the reflux gave a positive test for 
aldehydes with Schiff' s reagent. 'l'he filtrate was made basic with sodium 
hydroxide, treated with benzoyl chloride, and the resulting solid recrystal-· 
lized from alcohol. This product melted at 146.8-147.8°, indicating that 
cyclohexylamine was formed during the hydrolysis. The melting point of 
0 N-cyclohexylbenzamide is reported to be 149. 
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SUMMARY 
The reactions of 1,.3;5-trisubstituted hexahydro-1,3,5-triazines with 
carbon disulfide have been studied. The principal products of these re-
qctions are crystalline .3,5-disubstituted tetrahydro-1,3,5-thiadiazine-2-
thiones for the ethyl, isopropyl, cyclohexyl, p'-phenylethyl, and ..e~phenetyl 
homologs. The a-butyl and g-hexyl homologs appear to react, but the prod-
ucts are liquids, and attempts to purify these materials were not successfuL 
The benzyl, phenyl, and _e-tolyl homologs do not react in a similar manner 
under the experimental conditions that were used; howeve~ an alternate pro-
cedure was used to prepare the desired 3,5-disubstituted tetrahydro-1,3,5-
thiadiazine-2-thiones. This class of compounds has been reported previously 
but the following homologs that were prepared are not recorded in the liter-
ature: isopropyl, cyclohexyl, ,B-phenylethyl, benzyl, phenyl, ,e-tolyl, and 
_e-phenetyl. Additional evidence for the 3,5-disubstituted tetrahydro-1,3,5-
thiadiazine-2-thione structure was obtained, to supplement that given in the 
literature. 
The 3,5-disubstituted tetrahydro-1,.3,5-thiadiazine-2-thiones were 
thermally decomposed, and crystalline pyrolysis products were obtained for 
the isopropyl, cyclohexyl, ;f-phenylethyl, _e-tolyl, and _e-phenetyl homologs. 
These products are believed to be 1,3,5-trisubstituted hexahydro-1,3,5-
triazine-2-thiones, since evidence in support of this structure was ob-
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